Participants in a public goods experiment receive private or common signals regarding the so-called "point of no return", meaning that if the group's total contribution falls below this point, all payoffs are reduced. An individual faces the usual conflict between private and collective interests above the point of no return, while he incurs the risk of damaging everyone by not surpassing the point. Our data reveal that contributions are higher if the cost of not reaching the threshold is high. In particular if the signal is private, many subjects are not willing to provide the necessary contribution.
Introduction
Greenhouse gas emissions are a primary concern of the Kyoto protocol and various courses of action could be taken to reduce them -they vary in the scale of their effect, their cost, and potential contribution. Although no consensus has been reached concerning the measures to be adopted and the share of responsibilities among countries, it is undoubtedly crucial that some investments are made in order not to jeopardize mankind's future. Motivated by the importance of this kind of public goods requiring multilateral effort to reach a target and avoid losses to all members, this paper examines an experimental scenario where the failure to achieve a prespecified contribution level results in a universal damage. We refer to such a critical level as the "point of no return" because if contributions fall short of this point, everybody suffers. Although arguments and examples for points of no return have been put forward (see, e.g., Dasgupta and Mäler 2001) , we simply presuppose that points of no return do exist.
Our main aim is to explore whether the threat caused by the point of no return facilitates the coordination of contributions even when self-interest renders zero-contribution a dominant strategy. To this end, we combine the essential characteristics of a provision point mechanism (PPM) with those of a voluntary contribution mechanism (VCM). These two mechanisms have been extensively investigated in separation (see Ledyard 1995 for a survey). Yet, few experimental economics studies have combined them into a unified framework. 1 The most commonly implemented PPM (Isaac et al. 1989; Bagnoli and McKee 1991; Suleiman and Rapoport 1992; Maynes 1998, 1999; Marks and Croson 1998; Croson and Marks 2000; Asher et al. 2009; Spencer et al. 2009 ) uses a step-level function that requires, for providing the public good, a minimum level of group contributions. 2 1 Some previous work has been devoted to understanding the relative performance of the two mechanisms (e.g., Rondeau et al. 2005) or to critically assessing the differences between them (Abele et al. 2010) . The experiment most similar to ours is Freytag et el. (2010) , who consider a VCM with a discontinuity in the linear payoff function. Differently from us, however, Freytag et el. focus on the effectiveness of "milestones" (i.e., intermediate contribution stages) in preventing a potential environmental catastrophe. This minimum level is referred to as the "threshold" or "provision point" and usually corresponds to the cost of the public good. If enough contributions are made to reach the threshold, the good is provided.
3 Otherwise, it is not provided at all. Unused contributions are frequently refunded, but can also be lost (like in, e.g., van Dijk and Grodzka 1992) . 4 Our game involves the step-level characteristic of the earlier studies, but has some distinctive features. First, the threshold does not represent the cost of the public good, butas mentioned above -it stands for the target to be met in order to protect the good and not to damage everyone; in other words, the threshold is the "point of no return". The public good that we consider therefore exists, in a limited measure, even though the sum of contributions falls below the threshold. Second, prior to any contribution decision, each group member receives a signal informing him either vaguely or reliably about the point of no return, specified as the sum of all members' signals. Finally, similar to standard VCMs, the agents' payoff function is linear in contribution levels both above and below the threshold with a constant marginal per capita return from the public good. However, differently from standard VCMs, the payoff function is discontinuous at the threshold: if the sum of the contributions falls short of the threshold, all subjects' payoffs are reduced by a commonly known factor.
Thus, the "point of no return" is just a dramatic description of an "edgeproblem" where "falling from the edge" has more or less dramatic payoff effects.
We vary two characteristics of our set-up in order to investigate their impact on contribution levels. Specifically, we modify (i) the payoff reduction factor, which can be either small or large, and (ii) the received signal, which can be either homogeneous (all group members receive the same signal) or heterogeneous (each group member's signal is independently drawn from the same discrete distribution). The common signal case appears to be an ideal scenario where all countries agree on how to evaluate the empirical evidence, e.g., by letting a committee of international experts, possibly appointed by the United Nations, be responsible for the signal generation. The private signal case represents a more realistic scenario where actors hold independent and different views on what needs to be done to reach the target.
(i) Does the risk of making everyone suffer by falling below the threshold inspire more voluntary cooperation, e.g., by contributing at least one's own signal, irrespective of whether or not "contributing the signal" is an equilibrium?
(ii) Does the heterogeneity of actors in the treatment with private signals undermine cooperation even though, (game) theoretically, behavior should be the same as in the corresponding homogeneous case?
(iii) How does the strength of the possible damage affect the probability of meeting the threshold?
Our focus on the effects of the threat of the "point of no return" on willingness to contribute connects our work to that of Milinski et al. (2008) , who introduce the concept of "collective-risk social dilemma". Milinski and coauthors set up a climate change game in which participants, in groups of six, have to invest a certain amount of their endowment in a "climate account" with the objective of collectively reaching a certain target. If they succeed, every group member keeps any leftover money. If they fail, there is a chance that they lose everything (both the collective fund and their personal money). The results show that, even faced with the possibility of near-certain doom, only half of the groups collect enough funds.
Differently from us, Milinski et al. do not provide the participants with a coordination device like the signal and do not include any kind of linearity in the payoff function (they implement an all-or-nothing scenario).
The investigation of behavior under heterogeneous signals links our paper to a (small) strand of literature which examines the effects of heterogeneity on voluntary contributions in PPMs. Rapoport and Suleiman (1993) find that heterogeneity in endowment negatively affects successful provision of threshold public goods. They also find (in line with van Dijk and Grodzka 1992) that people contribute the same percentage of their endowment regardless of its magnitude. Croson and Marks (1999) compare heterogeneous and homogeneous valuations for the public good, and show that heterogeneity does not undermine average contributions or the rate of successful provision, but increases the variance in contributions. 6 Bagnoli and McKee (1991) consider as well homogeneous and heterogeneous valuations. However, they have only one homogeneous baseline session, which makes it difficult to reach firm conclusions about the impact of this kind of heterogeneity on behavior. Rondeau et al. (1999) use a one-shot PPM with heterogeneous valuations to test whether this mechanism is demand revealing.
Additionally, since participants in our heterogeneous treatment decide on their contributions being unaware of the others' signal, and thus of the accurate position of the point of no Jena Economic Research Papers 2011 -059 return, our experiment provides evidence of how incomplete information about the threshold affects behavior.
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In Section 2, we lay out the game (2.1), derive some predictions (2.2), and describe the experimental procedures (2.3). In Section 3, we detail the results. In Section 4, we conclude.
The experiment design

The game
We consider a four-person threshold public good game with linearity above and below the threshold. Each player is endowed with 10 points which can be either consumed privately or contributed to a public good. Before making his contribution choice, each player i receives a signal, i s , about the level of contributions T that must be reached by the group as a whole.
The threshold T is the sum of all group members' signals:
. If the group's total contribution reaches this level, each member earns: 
Within this basic setup, we manipulate two dimensions in a factorial design (the experiment therefore involves four different treatments). The first treatment dimension concerns the reduction factor γ. In the low cost treatments, we set γ = 0.91, i.e. everyone's earnings are reduced by 9% if the group's contribution does not reach the threshold. In the high cost treatments, we set γ = 0.50, implying a reduction in each member's earnings by 50% in case the threshold is not met. The second treatment dimension refers to the signal that each subject receives about the threshold. In the case of a common signal, all group members receive the same signal so that the threshold is commonly known. In the case of a private signal, the group members' signals are drawn independently from a uniform distribution and each member just knows his own signal. Thus, subjects can at best probabilistically predict 7 Previous PPMs with incomplete information are Marks and Croson (1999) and Rondeau et al. (1999) .
the threshold. Regardless of the treatment, the signals are drawn with equal probability from the set {3, 4, 5, 6, 7, 8}. Hence, the lowest threshold is 12 and the highest is 32.
Predictions
First, we present the game-theoretic predictions based on self-regarding motives. Then, we assess the implications of conditional cooperation, which can be thought of as a consequence of a preference for fairness (Fischbacher et al. 2001) .
If the sum of contributions is higher than the threshold T, the incentives are like in the standard linear public goods game: keeping one point yields a private marginal return of 1, whereas contributing the point yields only 0.4. The same is true if the sum of contributions is lower than the threshold. In this case, keeping one point yields a private marginal return of γ, whereas contributing the point yields 4 . 0 ⋅ γ . Due to the freeriding incentives above and below T, the only candidates for equilibria are the contribution vectors g * = (0, 0, 0, 0), i.e., general freeriding, and g t = (
In all treatments, there is a strict equilibrium in which everybody contributes zero. Since the lowest threshold equals 12, no participant can unilaterally reach the threshold, thereby avoiding the "point of no return". The existence of the equilibrium g t depends on whether a player has an incentive to deviate from this outcome by contributing zero (the most profitable deviation).
If the signal is common, i.e. s i = s for i = 1, …, 4, the game is one with complete information. For g t to be an equilibrium, we must have )]
In the high cost common signal treatment, there exist many contribution vectors satisfying this condition, among which the most salient and focal one is the vector where everyone contributes the common signal amount s. 
If γ = 0.5, the right-hand side of (4) is zero and thus the condition is satisfied for any value of the signal. 
In the high cost private signal treatment (γ = 0.50), condition (5) (8, 8, 8, 8) . No player has an incentive to deviate by contributing 0. If he does so, the threshold would not be met and he would earn 9.8 points, less than his payoff in case of no deviation (14.8 points).
Thus, according to standard game theory, only general freeriding is an equilibrium outcome in the low cost treatments, for both the private and common signals. Conversely, general freeriding as well as the outcome where everyone contributes his signal are equilibria in the high cost treatments, whatever the type of signal. This analysis suggests that the following can be expected.
Hypothesis 1: Contributions are higher in the high cost treatments than in the low cost treatments.
Hypothesis 2:
In the low cost treatments, contributions are negligible.
Hypothesis 3:
In the high cost treatments, players follow their signal.
The above hypotheses do not differentiate between the private and the common signal treatments. Usually, private signals make coordination much more difficult because players do not know the others' signal. However, in our experiment, if participants want to coordinate and reach the threshold, they have a natural way to do so: following their signal.
Thus, based on standard assumptions, there is no reason why coordination should differ between the two treatments.
This prediction changes if we assume that players have a preference for fairness, for example in the form of inequity aversion as modeled in Fehr and Schmidt (1999) or Bolton and Ockenfels (2000) . Since these models imply conditional cooperation, people are willing to contribute both below and above the threshold provided others contribute as well. As a result, higher contribution levels than those suggested by the standard model can be observed in both the high cost and the low cost treatments (see, e.g., Fehr and Schmidt 1999) .
However, in the high cost private signal treatment, conditional cooperation can also entail that people contribute less than the cooperative equilibrium amount (equal to the threshold level). Indeed, if a player has a high signal, he may believe that some of his fellow members have received a lower signal, and therefore they should contribute less and earn more.
Aversion to inequity may hence cause players with a high signal to contribute less in the private signal case than in the common signal case. The vice-versa holds for inequity averse players with a low signal, who might be willing to contribute more in the private signal case than in the common signal case. But following the strategy of not contributing the signal renders coordination almost impossible. If people are aware of this problem, they could relinquish the attempt to coordinate on the cooperative equilibrium.
In the low cost treatments, which have only the zero-contribution equilibrium, inequity averse individuals may contribute positive amounts using the signal as a coordination device.
Yet, coordination should work better in the common signal case than in the private signal case for the reasons given above. So we expect positive but lower contribution rates when signals are private.
These considerations give rise to the following hypotheses.
Hypothesis 4. In the high cost treatments, subjects respond less to the private signal than to the common signal.
Hypothesis 5. In the low cost common signal treatment, contributions are correlated with the signal.
Hypothesis 6. In the low cost treatments, subjects contribute less in the private signal case than in the common signal case.
In a nutshell, we can summarize our hypotheses as follows. Standard theory predicts higher contributions in the high cost treatments than in the low cost treatments; conditional cooperation predicts higher contributions in the treatments with common signal than in those with private signals.
Experimental procedures
Each treatment consisted of two phases. In the first phase, the game was repeated ten times using a stranger matching, i.e., subjects were randomly rematched in every period. In this phase each point was converted into €0.07. In the second phase, the subjects were again rematched, played the game only once, and were paid using a conversion rate of €0.70 per point. In both phases, we used the strategy method, i.e., subjects decided how much to contribute for each of the 6 possible signals.
All experiments were programmed in z-Tree (Fischbacher 2007) and conducted in the experimental laboratory of the Max Planck Institute of Economics (Jena, Germany). The subjects were undergraduate students from the Friedrich-Schiller University of Jena. They were recruited using the ORSEE software (Greiner 2004) . Upon entering the laboratory, the subjects were randomly assigned to visually isolated computer terminals. The instructions were distributed and then read aloud to establish public knowledge. Before starting the experiment, subjects had to answer a control questionnaire which tested their comprehension of the rules.
We conducted 12 sessions (three per treatment). In each session we had 32 participants (for a total of 384 participants) and used two matching groups. Hence, we have 6 independent columns 5-8, we report the differences in the estimated coefficients, derived from regressions with the combined datasets, including interaction terms. Using the data from Figure 1 and Table 1 , we organize the discussion of the results along the hypotheses derived in Section 2.2. Notes: Robust standard errors in parentheses, matching groups as clusters. * Significant at 10%; ** significant at 5%; *** significant at 1% Result 1. The contribution level is higher in the high cost treatments than in the low cost treatments.
Support. The constants (last four rows in Table 1 ) provide us with estimates of contributions for the border cases: period 1 and period 10 as well as signal 3 and signal 8. Comparing column (3) with column (1) and column (4) with column (2) shows that contributions are, on average, always higher in the high cost treatments than in the corresponding low cost treatments. The difference between high and low cost treatments is always positive and significant (see the last four rows of columns (7) and (8)). This difference is larger at the end of the experiment than at the beginning because, as shown by Figure 1 , contributions are fairly stable in the high cost treatments, whereas they decline substantially over time in the low cost treatments.
Result 2. The low cost treatments replicate standard findings: contributions start at a medium level and follow a downward trend. At the beginning contributions are correlated with the signal, but this relation disappears over time.
Support. In columns (1) and (2) the constants for signal 3 in period 1 are above 3, i.e., initial average contributions are significantly above 3 for signal 3, and those for signal 8 in period 1 are 5.466 and 4.743 under private signal and common signal, respectively. However, the constants in period 10 are all below 2. Furthermore, the signal coefficients are significantly positive in period 1 (see row "signal | period 1" of columns (1) and (2)), meaning that at the beginning of the experiment the signal serves as an anchor, but they are not significant in period 10 (see row "signal | period 10" of columns (1) and (2)), implying that contributions do not increase with the signals at the end of the experiment.
Result 3. In the high cost treatments subjects' contributions are significantly correlated with the signal throughout the experiment. Yet while low signals are always followed, high signals are not.
Support. In columns (3) and (4) the signal coefficients are positive and significant in period 1 as well as in period 10, suggesting that participants always contribute their signal.
The constants for signal 3 are above 3 in both period 1 and period 10, but the constants for signal 8 are below 8 in both periods. This decline in contributions is, however, significantly weaker than in the low cost treatments. Additionally, the interaction between period and signal is higher when the cost of not reaching the threshold is high than when it is low, meaning that the relation between signal and contribution is more robust in the high cost treatments.
Result 4. In the high cost treatments subjects respond less to the private signal than to the common signal, in particular at the beginning of the experiment.
Support. The coefficients of the signal variable are higher when the signal is common (column (4)) than when it is private (column (3)) in period 1 as well as in period 10.
However, the difference is only significant in period 1 (see first two rows of column (6)).
Result 5. In the low cost common signal treatment, contributions are only at the beginning correlated with the signal.
Support. Column (2) reveals that the coefficient of "signal | period 1" is significantly positive, whereas the coefficient of "signal | period 10" is not only insignificant but also negative.
Result 6. In the low cost treatments subjects do not contribute less in the private signal case than in the common signal case.
Support.
A comparison between the constants in column (1) and the constants in column (2) shows that actually average contributions are sometimes even larger in the private signal case. The last four rows of column (5) indicate that this difference is significant at the beginning but not at the end.
Our results qualitatively support the standard game-theoretic predictions. The cost dimension has a strong and stable influence on contributions and our first three hypotheses could be confirmed. The hypotheses based on conditional cooperation receive less support.
The type of signal seems to have a weaker impact on contributions than the cost. We saw, though, that subjects respond less to the signal when it is private. This suggests that success rates will be lower in the private signal case, especially (in light of Result 3) for high signals.
In order to investigate how often the threshold is reached (and the point of no return is avoided) in the various treatments, we calculate the success rates based on the strategies, conditional on the realization of the signal. For the common signal treatments, we report the expected success for a particular signal. For the private signal treatments, we report the : Theoretical probability to reach the threshold conditional on the signal, based on strategy decisions. The "same signal" graphs refer to the cases (actual for the common signal and counterfactual for the private signal) in which all group members get the same signal.
The "different signals" graphs correspond to the cases (actual for the private signal and counterfactual for the common signal) in which all signals occur with the same probability.
The figure shows three things. First, the likelihood of success is much higher in the high cost treatments than in the low cost treatments (significant for all situations and for all signals, using OLS regressions with matching group clusters, p < 0.01). Second, the subjects in the low cost treatments are less successful in phase 2 (where success rates are close to 0%) than in phase 1. This is due to the decline of cooperation over time. We do not observe such a decline in the high cost treatments. Third, while in the low cost treatments the success rates In the high cost treatments, the success rate has strong implications on the expected payoff. Figure 3 presents the average expected payoffs conditional on the signal, for each treatment and phase. In the low cost treatments, the expected payoff is, on average, independent of the signal; neither the size nor the type of signal affects the payoff. The impact of the cost on the payoff is not obvious. On the one hand, higher costs create an incentive to cooperate; on the other hand, if the threshold is not reached, the payoff is really low. The results reflect this ambiguity. In the high cost private signal treatment, the expected payoff decreases, on average, with increasing signals because (as indicated by Result 3) high signals are not followed. In the high cost common signal treatment, the average expected payoff depends on the signal in a non-monotonous way: for low signals it increases with the size of the signal because the threshold is likely to be reached; for signals higher than 5 failure to reach the threshold increases and therefore the average expected payoff decreases. Finally, we look at the strategies people choose. We classify strategies into five types. The first type, the "zero" type, is the strategy in which contributions equal zero for all possible signal values. The second type, called the "signal" type, is the strategy to follow the signal perfectly. The third type consists of the strategies where positive contributions are made, but they are never above the signal. We call this the "low" type. The "high" type consists of the strategies in which contributions equal or exceed the signal. The remaining strategies are in the "mixed" type. In these strategies, contributions are sometimes higher and sometimes lower than the signal. Figure 4 depicts the distribution of strategy types over time, for each treatment and phase. Table 2 shows the share of the strategy types for the four treatments and reports probit regressions for the probability to be of a specific type (column (6) is the sum of columns (1) and (2) and column (7) is the sum of columns (4) and (5)). This data confirms what we observed above. In the low cost treatments, contributions decline because the signal type is almost nonexistent and the high type is also rare. Surprisingly, the "following the signal"-strategy is infrequent in the high cost treatments as well. In particular, in the high cost private signal treatment the share of the signal type (7 percent) is only slightly higher than in the low cost treatments. Thus, although the standard predictions make good comparative static predictions, the salient equilibrium -choosing the signal -is rarely chosen (except for the high cost common signal treatment where the share of the signal type is 20%). Comparing the private and common signal cases under high cost gives us a further confirmation of Hypothesis 4, which assumes that participants in the high cost treatments respond less to the private signal than to the common signal. In line with this hypothesis, we find that the share of signal types is 20% in the high cost common signal treatment and 7% in the high cost private signal treatment. Actually, we get an even stronger result. In the high cost private signal treatment, the mixed type is the most frequent strategy and, within the mixed type, 87 percent of the contributions are above the signal if this is low and below the signal if this is high, as conjectured by conditionally cooperative play (1) (2) (3) (4) (5) (6) Robust standard errors in parentheses, * significant at 10%; ** significant at 5%; *** significant at 1% Table 2 : Percentage of choices in accordance with each type, and probit estimates of the probability of being of a particular type.
Conclusions
We found that subjects take the threat of the "point of no return" seriously when zerocontribution is not a dominant strategy. While in the low cost treatments the signal works as an anchor only in early periods and contributions do not much differ from standard public goods games, in the high cost treatments people are willing to contribute and to follow the signal. As a consequence, the rates of successfully reaching the threshold are higher under the high cost treatments. Our results also show that when the failure to reach the threshold has dramatic consequences, people must be informed.
Although our experimental scenario is too simplistic, it captures some crucial aspects of the present debate about global warming and other environmental problems. For instance, our assumption that failure to reach the threshold implies an abrupt reduction in people's payoff may appear rather artificial. Yet, Hansen (2006) refers to a point of no return as a situation beyond which begins an irreversible process, and Lever-Tracy (2008) 
